ABSTRACT: Many engineering consulting firms have adopted knowledge management systems (KMSs) as a tool to record the knowledge and experiences of their engineers and staffs. It was found from previous research that similar construction problems were encountered and resolved by the same firm. The most commonly adopted form of such kind of knowledge and experiences is historical lesson-learned files (LLFs). It is very beneficial to identify the underlying patterns of historical LLFs, so that the retrievals and reuses of such knowledge and experiences can be more efficient and effective. 
INTRODUCTION
is called the Medici Effect [1] . The solution is then compiled by the questioner to become a lesson learned file (LLF) and is stored in the knowledge base of the KMS [2] .
It is found from previous LLFs that problem-solving activities were repeated by the engineers and managers in their daily works. However, application scenarios of the LLFs may differ from case to case and from one discipline to another. It is also found that the problem of a specific discipline may be solved by the LLF of the other. As a result, it is very beneficial to identify the underlying patterns of historical LLFs, so that the retrievals and reuses of such knowledge and experiences can be more efficient and effective.
The current research aims at identifying the underlying problem-solving patterns of the historical LLFs. A novel approach called text mining is adopted to assist the recognition and regulation of the underlying patterns.
Special algorithms of text mining are developed to extract critical terms of the descriptions of the problem and solution. The data mining methods such as clustering, association rule, and decision trees were adopted to generate the problem-solving patterns from the collected LLFs.
The rest of the paper is structured as follows: the essentiality of engineering problem solving is discussed in Section 2. It is followed by the lesson-learned method that is usually adopted by engineering organizations for collecting problem-solving knowledge and experiences. In Section 4, the emergent problem-solving system of the case A/E firm selected for the case study in this paper is introduced. Then, the collected historical lessons-learned are described in Section 5. In Section 6, the Association Rule generation methods are adopted to generate the underlying problem-solving rules of the collected LLFs.
Finally, conclusions are drawn from case study results and recommendations are made for future research.
PROBLEM SOVLING
Engineering consultant is a knowledge-based service industry. The knowledge creation, storing, accumulation, retrieval, and reusing are critical to the competitiveness of the engineering consulting firm. Problem solving has played the central role of the many business operations of an engineering consulting firm. All activities (e.g, planning, design development, project management, construction supervision, etc.) of an engineering consulting firm are associated with problem solving [2] . As a result, improvement of the effectiveness and efficiency of the problem-solving activities will definitely improve the competiveness of the firm.
Smith [3] and Li and Love [4] have addressed the essentiality of construction problem solving. Li and Love [4] found that construction problems pose several characteristics that should be tackled in order to solve them quickly, correctly, and cost-effectively; these characteristics include: (1) Yu et al. [5] conducted a research on application of KMS for solving emergent problems. They proposed a Knowledge Management integrated Problem-Solver (KMiPS) for emergent problem solving of an engineering consulting firm [5] . They found that averagely 50.88% time-saving, 63.53% man-hour decreasing, and 84.40% cost effectiveness were achieved with KMiPS.
Dave and Koskela [6] believed that the problem-solving activity itself is not so challenging while compared with the documentation and reuse of the lesson-learned. Some researchers emphasized on the revision and creation of new knowledge (or so-called "dynamic knowledge") in order to improve the effectiveness of problem solving [7] . Others addressed that the vagueness and uncertainty of the application scenario of a lesson-learned may affect the performance of the problem solver [8] .
Among the many characteristics of a construction problem, emergency may be the most important and influential one.
Since most construction problems are urgent, late solutions may be invalid or even useless. For example, the piping of ground soil may result in a failure or even a disaster of a building foundation work. As a result, a SOS (a specialized emergent problem solving subsystem of the KMS) has been developed to meet the requirement of timeliness for problem solving [9] . Based on the SOS system, Yu et al.
proposed a Proactive Problem Solver (PPS) [10] and Integrated Proactive Knowledge Management Model (IPKMM) [11] to improve the performance of such kinds of KMS enhanced problem solvers.
In spite of the great efficiency and effectiveness achieved, the essential problems (the vagueness and uncertainty of the application scenario of a lesson-learned) encountered with the abovementioned systems has hindered further applications of KMS-enhanced problem solvers. In order to conquer the aforementioned problem, the essentiality and nature of construction lesson-learned are analyzed in the next section.
LESSON LEARNEING
As a highly knowledge-intensive industry, the construction organization and enterprise need a better way for knowledge management. The lesson learning has been adopted by many construction organizations to record and reuse the previous experiences of problem solving [12] .
According to Rosina Weber [13] , lesson learning has been Fisher et al. [17] proposed a lessons-learned process (LLP) for human problem solver, see Fig. 1 . In Fig. 1 , the information is collected as "captured information" first; then, it is analyzed and validated to become "knowledge"; only when the knowledge is implemented in the real world case, it becomes a "lesson-learned". The vagueness and uncertainty of the application scenario, as addressed by Chang and Chui [8] , may be generated during the collection and implementation stages described in Fig. 1 . Fig. 1 Conceptual lesson-learned process [17] 
SOS SYSTEM FOR PROBLEM SOVLING
A LLF system has been implemented by the case architect & engineering consulting firm (A/E firm), CECI Engineering Consultants, Inc. [18] in 2006. The LLF system adopted the LLW originally proposed by CII to record the problem-solving experiences recorded for the SOS system [9] , as shown in Fig. 2 . Once the emergent problem is solved with the SOS system, a LLF is compiled as shown in Fig. 3 . Fig. 2 The entry portal of SOS System Computer and information technology-27 cases; and (8) Others. In this preliminary study, only "(2) Construction technology and management (244 cases)" and " (4) Contracts (78 cases)" are included for further study, since the other cases are requests for information rather than problem-solving cases. As a result, totally 322 LLFs are further analyzed, which quotes 35.46% of the total cases collected.
Analysis Procedure
The analysis procedure of proposed method is depicted in 
Data Mining
The DM was performed with the Microsoft SQL Server 
